Preliminary analysis is presented for J, H, and K 0 images of the Corona Australis cloud core. Color-color and color-magnitude diagrams reveal relatively few new cluster members. We conclude that the R Cr A infrared cluster consists of only about 30 members and its size re ects the available reservoir of molecular gas.
Introduction
At a distance of 130 pc from the Sun, the Corona Australis molecular complex is one of the nearest star-forming regions. It is dominated by a centrally-condensed core centered on the emission line star R Cr A. The core, as de ned by H 2 CO observations, is 11 0 x 20 0 in extent (0.4 pc x 0.7 pc) and contains about 19 M (Loren, Sandqvist, and Wootten 1985) . Near-infrared surveys of the central regions of the core have revealed a small cluster of young stellar objects (YSOs) dubbed the Coronet (Taylor and Storey 1984) .
Despite the striking similarities between this cloud and the Ophiuchi cloud, fewer YSOs have been identi ed in the Cr A cloud. This is evident in H objective prism surveys and the IRAS co-added survey data which have completely sampled both clouds (Marraco and Rydgren 1981; Wilking et al. 1987; Wilking et al. 1992; Wilking et al. 1989) . Possible explanations for the relatively lower number of YSOs in the Cr A cloud compared to Oph include (1) there is less molecular gas in Cr A and hence fewer stars are forming, or (2) there is a large population of low-luminosity YSOs heretofore undetected in x-ray and near-infrared surveys of the cloud. To help resolve this issue, deep images of the R Cr A core were obtained at J, H, and K 0 to search for a population of YSOs which were fainter than the Taylor and Storey survey limit of K=14 mag or outside of their survey region.
Observations and Analysis

Broadband Imaging with the IfA NICMOS3 Camera
A 170 square arcmin area of the Cr A cloud centered on the star R Cr A and including the dense molecular core was imaged at J (1.25 m), H (1.65 m), and K 0 (2.11 m) using the IfA NICMOS3 camera on the Univ. of Hawaii 88-inch telescope (Hodapp et al. { 4 { 1992) . The K 0 lter was selected for its lower thermal background relative to the standard K passband (Wainscoat and Cowie 1992) . The observations were made in 1991 July. The pixel scale of the array was 0.75 00 pixel ?1 and the eld of view was 3.2 0 x 3.2 0 . Twenty-nine positions were observed at each wavelength accompanied by a dithered observation o set by 10 00 . Integration times at J, H, and K 0 for each pointing of telescope were 60, 30, and 30 seconds. A mapping strategy was employed such that the central two-thirds of the region was covered by 4 independent observations and the outer third by 2 sets of observations. Sky subtraction was accomplished by using reference frames obtained 30 0 north of the cloud and at elding by using the di erence of images of the inside of the dome with and without illumination. Allen et al. 1993) . Filters of 1% spectral resolution centered on the lines of H 2 1{0 S(1) (2.12 m), Br (2.16 m), and FeII] (1.64 m), and at 4% resolution on the continuum (2.21 m) were used. The scale of 0.61 00 pixel ?1 resulted in a 1.3 0 x 1.3 0 eld of view. For each lter, the source was observed in a 3 x 3 grid centered on the source, with 30 00 o sets between frames. Integration times were 1 minute per frame and sky subtraction was performed using the median of frames before images were coadded.
Narrowband Imaging with IRIS
2.3. Photometry in the NICMOS3 Mosaic { 5 { Source extractions and photometry were performed using the DAOPHOT and APPHOT packages found in IRAF. Source extractions from the K 0 mosaic were made at a level of 5 times the rms noise resulting in 692 unsaturated sources. From this sample, a total of 482 sources were present at H and 253 at J. The decreasing numbers of sources at shorter wavelengths are due to the higher opacity of the cloud to background stars and the higher background due to scattered light from early-type stars in the cloud. All photometry was performed through an aperture of 3.5 00 in diameter; this aperture is roughly 2 times greater than the FWHM of a typical stellar pro le which optimizes the signal-to-noise (Howell 1989) . Corrections for the wings of the source pro le at each wavelength were determined by multi-aperture observations of bright, unsaturated stars in the mosaic, as these stars more accurately represent the point spread function in the mosaic than the short exposure standard star observations. Absolute calibration was achieved using observations of the standard star HD 225023 (Elias et al. 1982 ) through a 15 00 aperture; atmospheric corrections which were observed to be 0.12, 0.06, and 0.10 mag airmass ?1 at J, H, and K 0 , respectively. Conservative saturation limits in the images were 11.5, 11.0, 10.5 mag at J, H, and K 0 , respectively. Completeness limits were estimated from histograms of the extracted source magnitudes and from the extraction of arti cal stars mimicking the point spread function determined at each wavelength; the completeness limits were 17.5, 17.0, and 16.5 mag at J, H, and K 0 .
Photometry is presented in Table 1 in the photometric system de ned by the instrument for 126 sources with K 0 < 15 mag plus a nebulous object with K 0 = 15.73. A table of positions and photometry for the fainter sources is available on request. Source positions were determined relative to a reference frame established by the positions of 13 astrometric standards in our mosaic which were kindly provided by Burt Jones. Positions calaculated in this frame are accurate to within 2 00 . The statistical errors returned from the aperture photometry routine in IRAF are given in Table 1 and are calculated from the sum of the squares of errors from poisson sky noise in the aperture, poisson noise from the star, and the error in the mean sky. In most cases the statistical errors are less than the uncertainty in the absolute calibration. This is estimated to be about 0.04 mag and is dominated by variations in the atness of the array ( 2%) and uncertainties in corrections for atmospheric extinction ( 3%).
Due to the saturation of bright stars in our mosaic or the absence of photometry at J, data for 24 objects were obtained from outside of our survey. For 10 sources, photometry at J, H, K (2.2 m), and L (3.5 m) were acquired using the ESO infrared photometer on the 1-m telescope in 1993 July (see Bouchet et al. 1991 for description of instrument). The single channel system was used with an aperture of 15 00 and a chopper throw of 20-30 00 . These data are presented in Table 2 , along with their 1 errors, in the ESO photometric system. Also presented in Table 2 is data for 12 sources taken from the work of Taylor and Storey (1984 and unpublished data) : these data were obtained using a 5 00 aperture except for the extended sources R Cr A and IRS5 for which a 3.5 00 aperture was used. Photometry for the emission-line star H 14 (KS 15) was taken from Glass and Penston (1976) who used a 12 00 aperture. H and K photometry for the companion to HD176386 were taken from Wilking et al. (1992) . For a few sources, photometry is also presented in Table 1 , but is lacking a J magnitude.
For construction of color-color and color-magnitude diagrams, all photometry was transformed into the system described by Bessell and Brett (1988) . Data for a given source was adopted from either Table 1 or Table 2 , i.e., from a coherent set of observations, with preference always given to the NICMOS3 data in Table 1 . Photometry from our study was rst transformed into the CIT system (Elias et al. 1982 ) using the prescription given by , with the K 0 data moved into the standard K system. Photometry from ESO and Glass and Penston were placed into the Bessell and Brett system using transformations { 7 { determined for SAAO data, and from Taylor and Storey using those for the AAO data.
Results
Three-Color Image
Shown in Plate 1 is the central region of the infrared mosaic of the R Cr A infrared cluster at J (blue), H (green), and K 0 (red). The area shown is 13.6 0 on a side. A K 0 image of the region with labels for the bright stars, x-ray sources, infrared sources, Herbig-Haro objects, and nebulosity is given in Figs. 1a and 1b. In addition to the star R Cr A and its associated nebulosity are the early type stars TY Cr A and HD176386 and their bluish re ection nebulae (northwest) and the emission-line star T Cr A (southeast). All of the brighter members of the Coronet infrared cluster are associated with infrared re ection nebulae: starting north of R Cr A and moving clockwise are IRS6, IRS5, IRS2, and HH100-IR. The latter two objects display bubble-like cavities most likely swept clean of dust by their stellar winds. Herbig-Haro objects 99A and B lie to the northeast of R Cr A. HH99B displays a bullet-like morphology at J and H ( FeII] emission) trailed by a bow shock seen at K 0 (shocked molecular hydrogen).
Notes on Individual Sources 3.2.1. IRS7/R1
Raster scan maps at 2 m by Taylor and Storey (1984) revealed this nebulous object 19 00 east and 15 00 south of the star R Cr A. Subsequent studies at millimeter wavelengths found that IRS7 is an extremely young object associated with strong, compact emission { 8 { from cold dust, CS, and C 18 O (Harju et al. 1994 , Henning et al. 1994 , Hezel et al. 1994 .
VLA observations at =6 cm indicated that IRS7 lies between two radio sources separated by 14 00 (Brown 1987) . It was proposed that the radio emission is excited by a bipolar out ow from the YSO. In our images, IRS7 is not revealed as a point source and is confused with a ridge of nebulosity immediately to the east and north (Fig. 1b) . In 1994 May, we have obtained a = 10 m image of the region with ESO's mid-infrared camera TIMMI using 0.56 00 pixel ?1 (Zinnecker 1995) . While our image does show a distinct point source in the vicinity of IRS7, it is o set only 17.5 00 east and 12.3 00 south of the star R Cr A. Therefore, we are apparently not directly observing the YSO at 2 m, but a scattering surface o set 3 00 from the YSO. This new position for IRS7 rules out the bipolar wind interpretation for the radio emission. The true position of the the YSO lies within 1 00 of the western radio source, IRS7A. The eastern radio source coincides with no known near-infrared source and further study is needed to determine its nature. (Cohen et al. 1984) , HH99A and HH99B are associated with strong, extended FeII] and H 2 emission which are prominent in our broadband images. To study further the structure of these objects, narrow band images in H 2 , FeII], and Brackett were obtained with IRIS at the AAT (Fig. 2) . While extended H 2 emission from the 1-0 S(1) line had been indicated in low spatial resolution observations (Wilking et al. 1990) , there is a rich structure revealed in these array images. In addition to HH99A and B, a faint wisp of emission is detected to the east of this system.
HH99A & B First identi ed in deep H images
The structure of HH99B is that of a bright knot of FeII] emission on the northeastern edge of the system trailed by a bright arc of H 2 emission 2.2 00 to the southwest. The brighest H 2 emission is observed at the ends of the arc. Evidently, the FeII] emission is the highest excitation section of a bow shock delineated by the H 2 emission. Fainter FeII] emission to the southwest forms a linear feature which points back to the Coronet cluster and appears to de ne the axis of an ionized jet. Surrounding the jet is extended and clumpy H 2 emission which appears as a wake of shocked molecular gas. This structure is reminiscent of HHs recently discovered in the IRc2 region of Orion (Allen and Burton 1993) , believed to result from the ejection, then deceleration, of a dense clump of material from the core of the star-forming cloud. To the south-southwest of HH99B lies HH99A. Again, the FeII] and H 2 emission are o set, but in the opposite sense from HH99B. The highest excitation gas appears to lie in the direction of the exciting star. Such a structure would suggest that HH99A is a dense ambient clump or entrained material that is being shocked by the HH99B jet.
It is interesting to note that previous studies have used the axis de ned by HH99A and HH99B to point back to the exciting star. As a result HH100-IR was incorrectly identi ed as the exciting star. From our images, the bow shock/jet de ne a position angle which is consistent with an origin from the infrared source IRS9 or the star R Cr A. Alignment is most consistent with the former since the molecular out ow axis for R Cr A is oriented east-west (Levreault 1988 , Graham 1993 . We note that there is a faint continuum source visible at 2 m (K 0 =15.63) which lies on the axis de ned by the linear FeII] emission and the H 2 emission. However unlike typical HH exciting stars, the colors for this source indicate no infrared excess, (J-H)=1.71 0.21 and (H-K)=1.37 0.12, and we suspect it is a eld star.
A faint arc of emission is seen in H 2 and, at its head, in FeII] to the east of HH99A/B. It may trace the wind from another infrared source in the Coronet, or be the fossil cavity of a previous episode of ejection or mass loss from the same source that created HH99A/B. This could occur, for instance, by precession of a jet, the proper motion of the driving { 10 { source, or perhaps, as in the case of Orion, simply the ejection of another projectile prior to HH99B but in a slightly di erent direction (Allen and Burton 1993). Graham (1993) has identi ed two faint SII] emission knots to the west of the star R Cr A. He proposed that these objects, HH104C and HH104D, lie in the receding CO out ow from R Cr A and that, along with HH104A and HH104B to the east of the star, they de ne the axis of a bipolar out ow from R Cr A. HH104C is clearly present in our H and K 0 broadband images. Figure 3 shows the narrow band H 2 , FeII], and continuum images of the region obtained with IRIS. The bright infrared source near the center of the image is IRS5 and the bright source northeast of this is IRS6. Both sources are associated with extensive re ection nebulosity and that surrounding IRS5 has been the subject of intensive study (Castelaz et al. 1985, Chen and Graham 1993) . Emission from both FeII] and H 2 are observed from HH104C and HH104D, with HH104C being signi cantly brighter in H 2 . Fainter emission knots are apparent in the H 2 image only along a line between HH104D and IRS6 and delineate lower excitation knots.
HH104C & D
Our image casts doubt as to the true origin of HH104C and HH104D. The alignment of the H 2 knots points to IRS6 as the possible exciting star for the entire system, with HH104C and D representing the highest excitation gas associated with a jet emanating from IRS6. Alternatively, HH104C and HH104D are roughly aligned with IRS5, suggesting there may be several sources of excitation for these emission knots. Dynamical information will be necessary to understand completely this region. Fig. 4 include all of the 236 sources within the boundaries of the mosaic with uncertainties in the colors less than or equal to 0.15 mag. The intrinsic colors for main sequence and giant stars are shown as solid lines and were taken from Bessell and Brett (1988) . The sample has been split using a color-magnitude diagram with a 10 7 year pre-main-sequence isochrone based on the models of D'Antona and Mazzitelli (1993); the diagram is not shown here but is similar to Fig. 5 with the isochrone shifted downward by 1.5 mag (Sec 3.4). In Fig. 4a, 183 sources are plotted whose dereddened K magnitudes are fainter than 12.3 mag, i.e., the magnitude of a 0.1 M star at a distance of 130 pc whose age is 10 7 years. This assumed age is in excess of the the average disk dissipation time scale for T Tauri stars (K. Strom et al. 1989 ) and hence these objects are either diskless PMS stars or background stars. The band for main sequence and giant stars reddened by interstellar dust is delineated by dashed lines and has a slope de ned by this sample of (J-H)/(H-K) = 1.5. While shallower than published reddening vectors, this slope is also consistent with the locations of 5 sources which have been observed to have no excess at =3.4 m (IRS4, IRS10, IRS14, IRS15, VSS7; Wilking, Taylor, and Storey 1986) . A slope of 1.5 is also consistent with models for the reddening law in regions with larger average grain sizes due to grain growth (Steenman and Th e 1989) . Indeed, photometric studies suggest a larger than average value of R for the cloud indicative of grain growth (R= 4.4 0.8, Vrba and Rydgren 1984) . The physical signi cance of the shallower slope determined from our data can only be investigated further if better color transformations between the standard infrared photometric systems are determined.
Color-Color Diagrams { 11 { The two (J-H) vs. (H-K) diagrams shown in
The balance of the sample (dereddened K < 12.3) comprises 53 sources which are plotted in the color-color diagram in Fig. 4b . These objects constitute a sample of potential association members but may also contain luminous background stars. Using the slope for the reddening band determined from the diskless sample, only 9 of the 53 sources are signi cantly o set from the band and hence show evidence for K band emission { 12 { from circumstellar disks. Six of these 9 are among the known association members in the diagram (denoted by open circles) 1 . The excess sources include (in order of decreasing (J-H)): HH100-IR, IRS2, IRS5, IRS9, R CrA, IRS3(new), 18589-37035(new), T CrA, and 18583-37046(new). The color-color diagram may also be used to infer the evolutionary states of YSOs. Classical T Tauri stars (Class II sources) form a locus of unreddened stars from (H-K),(J-H)] (0.2,0.75) to (1.0,1.0) and de ne their own reddening band which is parallel to that of main sequence stars but extends to slightly larger values of (H-K) (e.g., Lada and Adams 1992) . The more deeply embedded Class I sources are found to the right of the Class II reddening band. Based on their locations in the diagram, the sources HH100-IR, IRS5, IRS9, and IRS3 are Class I YSOs. IRS2, R Cr A, T Cr A, 18589-37035, and 18583-37046 fall in the regime of reddened classical T Tauri stars, as do known association members just inside the main sequence reddening band: IRS6, IRS11, IRS13, and IRS8. Except for IRS2 and T CrA, these evolutionary classi cations are consistent with those determined from spectral energy distributions (SEDs) constructed from ground-based near-to-mid infrared data as well as data from the KAO and IRAS (Wilking et al. 1986 ). IRS2 has a Class I SED (1.2-60 m) and T Cr A has a double-peaked spectrum (0.36-20 m) characteristic of a Class I source with holes in its dusty envelope (Calvert et al. 1994) . Extensive infrared re ection nebulae observed toward IRS2 and T Cr A, as well as R Cr A, IRS6, IRS5, and HH100-IR (see Fig. 1 ), could distort the positions of these stars in the diagram and their subsequent classi cation (Kenyon et al. 1993) .
1 Known association members from Tables 1 and 2 include emission-line stars, x-ray sources, and infrared sources with infrared excesses: R Cr A, TY Cr A, HD176386a, IRS2, T Cr A, HH100-IR, H 2, GPwa, IRS5, IRS6, IRS13, GPwb, IRS9, IRS8, Star A, IRS11, VSS13, H 14, GPe2, and 18582-37039 (x-ray source). { 13 {
Color-Magnitude Diagram
Given the small infrared excesses, we can use a K vs. (H-K) diagram to gain insight into the maximum number of low-luminosity YSOs in our eld. In Fig. 5 , a color-magnitude diagram is shown relative to an unreddened zero-age main sequence (ZAMS) for the distance modulus of the Cr A cloud (5.57) and to a 3 x 10 6 year isochrone for stars from 0.1 to 2.5 M . The isochrone was derived from the models of D' Antona and Mazzitelli (1993) using Alexander opacities and Canuto-Mazzitelli convection. Extensions of their models to include absolute infrared magnitudes as a function of mass and age were obtained using published intrisic colors and bolometric corrections for dwarf stars .
Dashed lines indicate the reddening vectors back to the 3 x 10 6 year isochrone for YSOs with masses of 0.10 to 1.56 M in steps of 2.5. Given these assumptions, our diagram is complete for all low-luminosity YSOs in the cloud (M>0.1 M ) to a depth of A v =30 mag.
Among the 366 stars plotted in this diagram, 49 lie above the reddening line for a 0.1 M star. Twenty-two of these objects are known to be associated with the cloud (shown by open circles) including 3 new members indenti ed in the color-color diagram 2 . Therefore, 27 of the stars above the reddening line for a 0.1 M star have not been classi ed and could either be association members without K band excesses or background eld stars. Infrared spectroscopy or longer wavelength infrared observations are needed to determine the nature of these sources. Given their locations at the edges of the cloud core, many of these are probably luminous, background eld stars. { 14 { for a 0.1 M star: nebulous objects 18587-36584 and 18587-37046, the emission-line star Star A (Graham 1993) , and two new K band excess sources 18589-37035 and 18583-37046 (see Table 1 ). Either these objects are (1) association members 3 x 10 6 years old which are displaced below the 0.1 M reddening line due to presence of scattered light (Kenyon et al. 1993) , (2) association members older than 3 x 10 6 years, or (3) brown dwarfs. Without spectroscopic data, we cannot distinguish between these options.
4. Implications 4.1. A Top-Heavy Mass Function?
Without spectral types for all con rmed or suspected association members, it not possible to derive uniquely their ages and masses. Yet under a simple set of assumptions, including a common age, we can show that within the eld of our mosaic there is an excess of stars with M > 1 M compared to a Miller-Scalo Initial Mass Function (IMF). Following the analysis of Hillenbrand et al. (1995) , we use a color-magnitude diagram to divide the sample into two mass bins: 0.1-1.0 M and 1-2.5 M . To be conservative, we make a set of assumptions that minimizes the ratio of intermediate to low mass stars in our sample: (1) stars have a common age of 1 x 10 6 years, (2) both con rmed association members as well as sources bright enough to be cluster members but without known infrared excesses, emission lines, or x-ray emission are considered, and (3) 13 stars are added to the lowest mass bin which would be included if an age of 3 x 10 6 was allowed. The resulting ratio of intermediate to low mass stars is 14/31 or 0.45. The comparable ratio assuming a Miller-Scalo IMF would be 0.16. Using a Monte Carlo routine that randomly samples 45 stars from a Miller-Scalo IMF , we conclude that there is a <0.2% chance that the observed mass ratio of 0.45 would be obtained. This suggests that underlying mass { 15 { function does not resemble a Miller-Scalo IMF. An abnormal mass function for the cloud complex has previously been suggested due to the high incidence of B9-A5 stars ).
A New YSO Census
The R Cr A infrared cluster contained within our mosaic numbers between 27 and 54 association members. The lower estimate includes previously known association members from IRAS, H emission line, and and x-ray surveys, plus 3 new YSOs in our color-color diagram, and 2 nebulous objects revealed in our images. The higher estimate includes 27 stars which lie above the reddening line for a 0.1 M YSO of 3 x 10 6 years; further observations are necessary to distinguish between eld stars and YSOs in this latter sample. These numbers do not include 13 known association members outside of our eld of study . In any case, the R Cr A infrared cluster is sparse relative to the Rho Oph cluster and the Orion clusters and this conclusion is not the result of observational selection.
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Figure 5.-A color magnitude showing the distribution of objects relative to the ZAMS and to a 3 x 10 6 year isochrone for stars from 0.1 to 2.5 M . Open circles represent 27 known association members including the new members revealed in Fig 4b. The reddening vector for a standard reddening law is shown for A v = 10 mag (Bessell and Brett 1988) . The reddening lines are shown for stars of masses 0.1. 0.25, 0.625, and 1.56 M for an age of 3 x 10 6 years.
